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Introduction

42
Nitrification inhibitors (NIs) offer the potential to decrease reactive nitrogen 
Materials and Methods
135
Soil properties
136
Two contrasting soils (from Spain and from UK) were used in this study ( The amount of DCD and DMPP sorbed to either soil was determined as were extracted with 25 ml of 0.5 M K 2 SO 4 , and measured using the same procedure 226 described in section 2.1. 
Calculations and statistical analysis 228
Since it is not possible to determine the 14 C recovery in the microbial biomass Tukey's honest significance test at P < 0.05. For non-normally distributed data, the 
Results
252
Mineralization and availability of nitrification inhibitors in soil 253
Overall, the NI mineralization patterns were linear and stabilized 63 days after
254
NIs and NH 4 Cl addition in most treatments (Fig. 1) . On average, 6.3 and 11.8% of 14 C-
255
DCD and 14 C-DMPP, respectively, was mineralized 28 days after N addition (Table 2) .
256
One month later, the cumulative 14 CO 2 released was 10.7 and 15.3% for DCD and 257 DMPP, respectively. On average for both NIs, the mineralization was highest at 30 ºC,
258
and was reduced by 39% (ranging from 20% for DMPP to 57% for DCD) and 49%
259
(ranging from 26.9% for DMPP to 70.6% for DCD) at 20 °C and 10 ºC, respectively (P at 30 °C. DMPP mineralization trends were similar in both soils (Fig. 1c, d ) at 30 °C.
266
Conversely, a greater mineralization of DCD was observed in the ES than in the UK 267 soil at this temperature (Fig. 1a, b) . The mineralization of NIs in all treatments followed 268 a first-order kinetic relationship ( in the UK soil for DCD (with similar behaviour in both soils for DMPP).
276
The amount of K 2 SO 4 -extractable DCD and DMPP from soil decreased over 277 time (Fig. 2) . The 14 C recovered in the K 2 SO 4 extracts after 63 days ranged from 11 to 278 66% of the initial amount of NI applied ( Table 2) . Recovery of 14 C in the extractable 279 pool at both 28 and 63 days was substantially higher for 14 C-DCD than for 14 C-DMPP
280
(P < 0.001). This pool was also higher in the ES soil than in the UK soil. In contrast, the present in the soil extractable K 2 SO 4 pool was found (P < 0.001, n = 36, r = -0.63).
284
The quantity of 14 C label which remained unrecoverable (neither mineralized nor 285 extracted by K 2 SO 4 ) was significantly higher for DMPP than for DCD ( 
Effect of nitrification inhibitors on the net production of mineral N 292
Ammonium concentrations for each temperature are shown in Fig. 3a concentrations and NI mineralization was also observed (P < 0.01, n = 36, r = 0.42).
307
The effectiveness of nitrification inhibition (Table S2) in the ES soil (Table S2 ). Both NIs were more effective in inhibiting NO 3 -formation in 319 the UK soil compared to the ES soil, although differences between soils were higher for 
Sorption of nitrification inhibitors to the solid phase
329
Sorption isotherms for DCD and DMPP in the two soils are presented in Figure   330 6. In the DMPP-ES isotherm one outlier (corresponding to 5 mg DMPP 
348
Contrary to our initial hypothesis, more DMPP than DCD was mineralized at 28 349 and 63 days after N addition (Fig. 1, Table 2 ). In fact, the average half-life of DCD was 350 2.3 times higher than that of DMPP (Table 3) , and was much higher than that reported lower temperatures (e.g. 5 °C). Accordingly, in our experiment, the largest differences 376 occurred between 20 ºC and 30 ºC, rather than between 10 ºC and 20 ºC (Table S1 ). 
Recovery of 14 C-labelled nitrification inhibitors in soil extracts
378
The amount of 14 C-NIs extracted by K 2 SO 4 was barely influenced by 379 temperature, particularly in the case of DMPP ( 
Non-recoverable nitrification inhibitor pool in soil 408
On average, the amount of NIs in the non-recoverable 14 C pool was much lower 409 for DCD (average 32%) than for DMPP (average 63%, being the main pool for this opposed to DCD, the greatest proportion of DMPP remained non-measured ( of DMPP to achieve higher nitrification inhibition rates than DCD in grassland soils
459
(acid pH and relatively low CEC) as the UK soil ( Fig. 5 and Table S2 ).
460
Conclusions
461
Contrary to previous findings, higher mineralization of DMPP was observed for 462 both soils, in comparison to that of DCD, although the kinetics of mineralization of 463 these nitrification inhibitors was not necessarily linked with their overall effectiveness.
464
The effectiveness of both NIs was higher in the more acidic UK soil (pH 6.0). The Menéndez, S., Barrena, I., Setien, I., González-Murua, C., Estavillo, J.M., 2012. S.E. 0.3 0.6 0.6 2.5 0.62 2.0 Different letters within columns indicate significant differences by applying the Tukey's honest significance test at P < 0.05. Standard Error (S.E.) is given for each effect (n = 3). 
